SINE (short interspersed element) insertion analysis elucidates
hi contentious aspects in the phylogeny of toothed whales and ati dolphins (Odontoceti), especially river dolphins. Here, we charac-ph terize 25 informative SINEs inserted into unique genomic loci 17 during evolution of odontocetes to construct a cladogram, and ab determine a total of 2.8 kb per taxon of the flanking sequences of sk these SINE loci to estimate divergence times among lineages. We fo demonstrate that: (/) Odontocetes are monophyletic; (il) Ganges se River dolphins, beaked whales, and ocean dolphins diverged (in this order) after sperm whales; (ii/) three other river dolphin taxa,
(s] namely the Amazon, La Plata, and Yangtze river dolphins, form a cc monophyletic group with Yangtze River dolphins being the most in basal; and (iv) the rapid radiation of extant cetacean lineages th occurred some 28-33 million years B.P., in strong accord with the th fossil record. The combination of SINE and flanking sequence wi analysis suggests a topology and set of divergence times for ur odontocete relationships, offering alternative explanations for ch several long-standing problems in cetacean evolution. in Be SINE I evolution I divergence times pr fr( xtant whales, dolphins, and porpoises (order Cetacea; refs. 1 m and 2) are usually grouped into two suborders, Odontoceti er (echolocating toothed whales) and Mysticeti (filter-feeding baof leen whales), both of which were thought to be monophyletic on ha the basis of morphological, physiological, and behavioral charus acteristics (3-5). The extant-toothed whales have been divided M into 4 broad groups consisting of 10 families: sperm whales (Physeteroidea-families Physeteridae and Kogiidae), beaked whales (family Ziphiidae), river dolphins (4 families, below), and We ocean dolphins or delphinoids (Delphinoidea-families MonOl odontidae, Delphinidae, and Phocoenidae) (4). Among these four broad groups, the physeteroids are usually basal (e.g., refs. or 6 and 7), and the delphinoids are the most recently diverged. l] River dolphins often are placed as sisters to delphinoids, and f beaked whales have either been allied with river dolphins and delphinoids or placed together in a clade with sperm whales. ar Since Milinkovitch et al. (8) (9) (10) proposed the paraphyly of the te Odontoceti, suggesting sperm whales are closer to the morphob logically highly divergent baleen whales than to other Odontoceti m (Fig. 1A) , the phylogenetic position of sperm whales has been m debated widely (8) (9) (10) (11) (12) (13) (14) . Another contentious issue is the relaw' tionships among river dolphins, which have long been placed in up to four monotypic subfamilies or families (4 Proceedings of the National Academy of Sciences of the United States of America, Vol. 98, No. 13 (Jun. 19, 2001), pp. 7384-7389 This article is a U.S. government work, and is not subject to copyright in the United States. licates an insertion in a common ancestor of the Sperm and : Pygmy sperm whales. (19) . Here, the 10 SINE :i in clades C, D, and E confirm that Platanista branched er the divergence of sperm whales but before the divergence beaked whales. Fhe proposed near-basal position for Platanista within the lontoceti has significant implications. Sperm and beaked ales are neither sister-taxa (6, 40) nor adjacent clades (7), and )rphological similarities between these lineages could be plemorphies or convergences associated with deep-diving behavand/or suction-feeding. These similarities involve skull com-:xes traditionally given significant phylogenetic value, luding the pterygoid sinuses and ear bones (6, 41, 42). We know of no anatomical features that preclude the prosed position for Platanista within the Odontoceti. Presumed lapomorphies [cited previously (6, 7)] to support a more )wn-ward position for Platanista are perhaps plesiomorphies, tapomorphies, or homoplasies. Different interpretations of ucture arise because, anatomically, Platanista is one of the )st peculiar mammals (43). The skull is highly disparate from ler Cetacea, especially in having high pneumatized maxillary :sts that arch over the face, probably acting as acoustic 'lectors for echolocation sounds generated in the underlying ft nasofacial tissues. The pneumatic sinuses within the maxiry crests arise ventrally in the pterygoid sinus complex of the ill base (41). Sperm and beaked whales have simple large :rygoid sinuses with reduced bony walls, and complex multi- 
